ABSTRACT
Introduction

20
Dissolved organic matter (DOM) is considered to decrease metal bioavailability in 21 aquatic environments by binding metal ions and thus reducing the free ion 22 concentration, in accordance with the free ion activity model (FIAM) (reviewed by 23 In the present work, the differences in Cu and Pb complexation properties of 1 seawater samples enriched with DOM of contrasting origins (natural seawater, effluent 2 of a sewage treatment plant, and two sediment elutriates) were studied by anodic 3 stripping voltammetry, and the effect of metal complexation by DOM on Cu and Pb 4 toxicity was evaluated using the Paracentrotus lividus embryo-larval bioassay. Both 5 differences in complexation and in toxicity observed among samples were related to the 6 bulk DOC concentration and the optical properties of the CDOM fraction.
7
Among the analytical techniques available to determine the ambient chemical 8 speciation of dissolved metals, electrochemical methods, as anodic stripping 9 voltammetry (ASV), are frequently used because of its intrinsic capability in separating 10 ionic metal species from inert complexes. Therefore, they give an estimate of the 11 potential metal detoxification capacity of the water sample, i.e., complexation capacity 12 (Florence 1986). A fundamental problem underlying efforts to characterize metal 13 complexation in the presence of natural DOM is the heterogeneity of the ligands. DOM 14 heterogeneity can cause several phenomena in ASV measurements, such as the 15 adsorption of DOM on the electrode, the lability or semi-lability of the metal-DOM 16 complexes, and the difference in diffusion coefficient between the free metal and the 17 complexes (e.g. Buffle et al., 1987; Buffle, 1990; Mota and Correia dos Santos, 1995) .
18
Despite these interferences, which could induce some underestimation of complexation 19 (Sánchez-Marín et al., 2007) , ASV has been proved to be a useful tool to determine Cu 20 bioavailability in seawater (Lorenzo et al., 2002; 2003; 2006; Brooks et al., 2007c) and 21 it has been equally useful for its application to Pb and Zn speciation measurements 22 (Kozelka and Bruland, 1998; Cobelo-García and Prego, 2004) .
23
Sea urchin embryo-larval bioassays have been widely used to assess toxicity in 24 seawater and marine sediments (reviewed by Kobayashi, 1995; Volpi Ghirardini et al., 25 2005). Sea urchin embryos are, together with bivalve embryos, among the most 26 sensitive organisms to Cu pollution in seawater (U.S. EPA, 2003) .
27
For a complete evaluation of the effects of DOM on metal toxicity, comparison of 28 toxicity in the presence and absence of DOM should be done while keeping constant 29 other characteristics of the medium that could influence metal bioavailability. In the 30 case of natural samples, high intensity UV irradiation of the samples is an effective way 31 to eliminate the organic matter with minimum sample manipulation.
32
The objectives of the present work are (1) to evaluate the effect of 33 environmentally occurring marine DOM on the speciation and bioavailability of Cu and Pb, oriented to confirm or deny previous laboratory results with commercial DOM, 1 including the ability of ASV-labile metal measurements to predict bioavailability; and 2 (2) to investigate whether DOC concentrations alone are sufficient to describe metal 3 speciation and toxicity in the marine environment or the optical properties of CDOM 4 (absorbance, fluorescence) are also relevant. respectively. Sewage water was collected directly from the effluent of an urban sewage 21 treatment plant from a medium-size town (Cangas, Galicia), whose outlet spills directly 22 into the ría.
23
Sediment elutriates from stns P1 and P2 were obtained by mixing eight 24 subsamples of 100 g of sediment with 500 ml of SW in air-tight containers with no head 25 space during 30 minutes, using rotatory agitation as proposed by Beiras (2002) . The 26 supernatant was collected after overnight settling at 20º C. For the STP sample, 400 ml 27 of wastewater were mixed with 4.2 litres of SW, to obtain a final salinity of 33.5 ‰. As 28 our intention was to obtain in laboratory a mixture of wastewater with seawater with a 29 high DOM content, the dilution of wastewater was the minimum possible to ensure an 30 adequate salinity for sea-urchin embryos development.
31
Elutriation is a frequently used method for the evaluation of sediment toxicity as 32 well as for the evaluation of contaminant remobilization from the sediment to the water column (Beiras, 2002; USEPA, 2001) . It reproduces in laboratory the worst-case 1 scenario of sediment resuspension that can occur in coasts due to storms, dredging 2 operations, etc. Waste-water effluents dumping directly to the coast, both treated and 3 untreated, are a source of contaminants as well as organic matter to the surrounding 4 waters. Both sediment resuspension and sewage discharges contribute to the DOM and 5 CDOM pools in coastal waters.
6
All samples except ASW, which is free of particles, were filtered through 0.45 µm 7 polyethersulfone filters and the filtrate was collected and pooled in a four litre 8 polycarbonate bottle. In order to oxidize the organic matter, one half of each sample was 9 UV-digested for 2 h using a UV-Digestor equipped with a high-pressure mercury lamp 10 of 200 W similar to the one described in Achterberg et al. (1994) . Fluorescence was measured using a Perkin Elmer LS 55 Luminescence 9 spectrometer, equipped with a xenon lamp (equivalent to 20 kW for 8 µs duration) and a 10 1 cm quartz fluorescence cell. Milli-Q water was used as a blank and the intensity of 11 the Raman peak was checked regularly (Nieto-Cid et al., 2005) .
12
Discrete excitation/emission pair measurements were performed at 320nm/410 nm The absorbance of the samples between 250 and 500 nm was measured using a
26
Beckman spectrophotometer, equipped with a 10 cm quartz cell. Milli-Q water was 27 used as blank. The absorption coefficient at 350 nm (aDOM 350 ) has been used in this The complexation of copper or lead by DOM was studied using voltammetric 4 titrations with the metal under study. The mercury drop electrode used in ASV detects 5 only a fraction of the dissolved metal (the labile metal), which comprises the free ion 6 plus the inorganic metal complexes. Because inorganic composition is practically 7 constant in seawater, the free metal ion is a constant fraction of the labile metal, and 8 therefore labile metal measurements can be used to test the FIAM.
9
Water samples were thawed, shaken and dispensed in several (from 9 to 13) 20 ml 10 polystyrene vials. Increasing additions of Cu (or Pb) were made to the vials, to obtain 11 metal concentrations ranging from 0.025 to 2 µM. Cu and Pb were obtained from Statistical analysis were considered significant at the p < 0.05 level unless 10 otherwise noted.
11
The limit of detection (LOD) of complexation capacity was estimated as 3×S L ,
12
being S L the standard error of the lowest complexation capacity detected. 
26
The DOC concentrations for Elut-1 and Elut-2 were 1.5 and 1.7 times higher than 27 for SW, respectively. For the STP sample, the DOC enrichment due to the dilution with FDOMm/aDOM 350 ratios (2.9 ± 0.5 and 5 ± 3 ppb QS m respectively for Elut-1 and
15
Elut-2), while the ratio for the STP sample was 10 times higher than for Elut-1 (29 ± 4 16 ppb QS m). This difference could be attributed to molecular size of DOM (Midorikawa
17
and Tanoue, 1998 and references therein), suggesting that humic substances in the STP 18 sample are predominantly of low molecular weight, whereas humic substances released 19 from the sediments presented higher molecular weights.
20
The two elutriates displayed different DOM characteristics: Elut-1 presented 21 higher aDOM 350 , while DOC and FDOMt were higher for Elut-2, and the two samples After UV irradiation (Table 1) , the bulk DOC decreased from 60% to 75%, and Cu' EC 50 values are depicted in Fig. 3b . Comparing Fig. 3a to Fig. 3b and undigested samples largely disappears. For the three DOM-enriched samples, the 31 differences in Cu EC 50 before and after UV treatment -observed in Fig. 3a -totally 32 disappear when speciation is considered (Fig. 3b) , and therefore these differences can be 33 attributed solely to Cu complexation by DOM. However, for SW, the Cu' EC 50 after the UV-treatment is still lower than for the non-digested sample, and therefore the higher As can be observed in Fig. 4a , this is true for all samples except for the already 5 mentioned SW-UV and for Elut-1. The latter showed slightly lower toxicity compared 6 to the other samples, both before and after the UV-digestion.
7
Despite those discrepancies, in general, the behaviour of Cu agrees with that 8 expected on the basis of FIAM and the ASV measurements, as shown in Fig. 4a considering both all and non-digested samples (Table 2 ). An 85% of the observed 18 variability of Cu toxicity could be explained by L Cu .
19
The present results generally agree with the bioavailability models and confirm
20
for seawater and seawater with added DOM of contrasting environmental origins that
21
Cu bioavailability is a function of the free Cu concentration. Other studies have also and a) were significant for all curves.
31
In contrast to Cu, Pb toxicity was less affected by the organic matter present in the 32 samples, and the observed effects were different (protecting, enhancing or not affecting toxicity) depending on the sample. Fig.3c and (Fig. 4b) . Observed values for the non-digested samples are 26 within 10% variation from prediction except for SW and Elut-2, which show higher 27 toxicity than expected. Even though HA has been shown to increase Pb toxicity to P.
28
lividus larvae (Sánchez-Marín et al., 2007) , in this case the extra-toxicity observed in 29 SW and Elut-2 cannot be attributed to the presence of DOM because it is not reduced 30 after the UV treatment (Fig 3a, white bars) . Furthermore, as observed in Fig. 4b as a ratio of specific absorbances at 250 and 270 nm) explained 13% of the variability. 
13
All these works stress the need of including DOM quality measurements in 14 bioavailability models or site-specific water quality criteria for Cu. In the present work,
15
with only five samples tested, it is not possible to obtain a good estimate of which DOM 16 parameter will better explain Cu toxicity. Possibly a combination of several DOM
17
properties, as DOC with SAC or FDOM with SAC (which explained 97% of our data 18 variability), will improve toxicity predictions. larvae. More work should be done at environmentally relevant Pb concentrations, using than for Cu. It has been observed an increase in Pb toxicity presumably caused by 1 residual DOC remaining in the samples after UV-irradiation, not occurring for Cu in the 2 same samples. This observation adds evidence to the fact previously reported that some 3 types of DOM can increase Pb toxicity in seawater.
4
Our results stress the importance of characterising the DOM content of seawater 5 in order to predict ecological effects from total metal concentration data. Good 6 correlations were found between DOC and Cu EC 50 , and fluorescence measurements 7 appear as a promising tool for the prediction of Cu complexation capacity in seawater. sample indicates a UV-radiated sample. 
